Four strains of marine, aerobic, agar-decomposing bacteria with one polar flagellum and with DNA G+C contents of 3809402 mol% were isolated from the Far-Eastern mussels Crenomytilus grayanus and Patinopecten yessoensis. These four strains were identified as Pseudoalteromonas; however, they were phenotypically different from species described previously according to carbon compound utilization tests and the BIOLOG identification system. High agardecomposing activity was found in two strains, in one of which agarase, agalactosidase, pustulanase and laminarinase had been detected. The level of DNA homology of three of the strains was 70-100°/~. The fourth isolate was genetically less related to the others (67 O/ O DNA relatedness) and phenotypically was more distant from other members of this group; however, all four strains were assigned to a single species genotypically. DNA from the strains isolated from mussels showed 4 0 4 5 YO genetic relatedness with the DNA of Alteromonas atlantica, 8-36 YO with DNA of Pseudoalteromonas haloplanktis subsp. haloplanktis, Pseudoalteromon as haloplanktis subsp.
INTRODUCTION
Intensive investigations stricted to a single species, Alteromonas macleodii, while a new genus, Pseudoalteromonas, was created for 13 other Alteromonas species. The latter are common of the genus Alteromonas during the last few years have led to revision and inhabitants of the aquatic environment, and were specification of its taxonomic structure on the one isolated mainly from sea water (8, 14) . Pseudohand (1, 2, 14, 15, 38) , and broadening of the list of alteromonas strains, typically associated with marine species on the other (1 1, 12, 24, 33) . The resulting data animals (16, 29) , might be of particular interest as a from small-subunit rDNA sequence analysis (1 5) promising source for new species with distinct features. revealed that the genus Alteromonas should be reOne such feature is a high hydrolytic activity, par- Genetic analysis. The DNA was isolated following the method of Marmur (27) . The DNA G + C content was determined by the thermal denaturation method of Marmur & Doty (28) . DNA-DNA hybridization was performed spectrophotometrically and initial renaturation rates were recorded as described by De Ley et al. (10) and Levanova et al. (26) . Characterization of brown pigments. The features of brown melanin-like pigments were tested as described earlier (19) . For production of pigment we used B medium (as described above) and BT medium which had the same composition plus L-tyrosine at 1 g 1-I. The synthetic (S) medium contained 0.05 g KH,PO,, 0.05 g K,HPO,, 0.05 g MgSO,, 0.06 g CuSO,, 0.05 g CaCl,, 20 mg L-methionine, 20 mg DL-trYptophan, 10 mg a-asparagine, 10 mg DL-phenylalanine, 2 g Bacto yeast extract (Difco) and 1 g (NH,),SO, in 1000 ml distilled water at pH 7.6. ST medium was prepared by adding 1 % L-tyrosine to S medium. Inhibitors of melanogenesis, such as L-cysteine, EDTA and ascorbic acid, were added at 1-10 mM if necessary.
Fatty acid analysis. The analysis of fatty acid methyl ethers was performed by GLC as described by Svetashev et al. (35) .
RESULTS AND DISCUSSION

Generic iden ti f icat ion
The four strains isolated ( K M M 157, KMM 188, KMM 280 and KMM 327) were Gram-negative, strictly aerobic, rod-shaped bacteria with one polar flagellum ( Fig. 1) . None of the bacteria accumulated poly-/I-hydroxybutyrate as an intracellular reserve product or had an arginine dihydrolase system. All were oxidase-positive, and all required Na' or sea water for growth. The DNA G + C contents were 39-2-40-2 mol%. Cellular fatty acids were essentially the same as those of Pseudoalteromonas species (Table   9 , and comprised 16: l(n-7), 16:0, 17: 1 and 18 : l ( n -7 ) fatty acids which were the most abundant. All these properties allowed us to assign the isolates from mussels t o the genus Pseudoalteromonas.
P h ysiolog ica I and bioc h em ica I characteristics
The notable feature of the organisms studied was their phenotypic variability ( -/' Data from (30).
Phenotypic diversity of Pseudoalteromonas citrea
$ 1 1-89 % of strains are positive.
.... 1.672, 1.624, 1-510, 1.486, 1-402 and 1.024 cm-l. All the data confirmed the pigments as melanin. Strains KMM 188 and 157 hydrolysed agar, whereas strains KMM 280 and 327 did not show agarolytic activity. There is one agar-decomposing member of the Pseudoalteromonas genus, P. atlantica, but strains isolated from mussels were distant from this species in their phenotypic properties and level of DNA homology (see below). Recently, a few new species of Alteromonas, Alteromonas fuliginea (30) , Alteromonas distincta (3 1) and Alteromonas elyakovii (20) , have been described. In accordance with the phylogenetic analysis of the genus Alteromonas (15) that resulted in the creation of a new genus, Pseudoalteromonas, for the members of the ' Alteromonas haloplanktis' rRNA cluster, the species mentioned should be considered as representatives of the Pseudoalteromonas genus. The bacteria referred to as Pseudoalteromonas fuliginea were capable of agar hydrolysis, and included four conspecific strains with the levels of relatedness ranged from 90 YO to 96 %, and the DNA G + C contents in the range 41-5-43.8 molY0. The bacteria were isolated from Far-Eastern invertebrates, namely ascidians Halocyn t hia auran t ium, Amaraucium translucidum and sponge Plocamia sp., inhabiting littoral zones of the Sea of Japan, and the Commandorskie Islands. The isolates of P. fuliginea had many of the same physiological and morphological characteristics as strain KMM 188 (same pigment; hydrolysis of agar, gelatin, starch, alginate). However, they differed from strain KMM 188 in their lack of ability to use certain carbon substrates (D-glucose, D-xylose, sucrose, lactose, citrate, mannitol), and higher values of the DNA G + C contents (30) . A new bacterium belonging to Pseudoalteromonas distincta that was isolated from an unidentified species of sponge collected near the Commander Islands produced melanin-like pigment, though it differed from all Pseudoalteromonas species described previously in its flagellation, its lack of ability to hydrolyse biomacromolecules (agar, starch, chitin, alginate, carrageenan), and its use of an array of carbon sources except citrate (31) . The last species among those newly described, Pseudoalteromonas elyakovii, was assigned to a non-pigmented bacterium isolated from the mussel Crenomytilus grayanus (20) . Several distinctive phenotypic characteristics of P. elyakovii are included in 0 Data from (3 1).
11 Data from (1).
7 Data from (14). **Data from (17).
7-f Data from (12).
other species of related marine bacteria. The type strains of Marinomonas vaga and Marinomonas communis, which have been proven to be far-related to Alteromonas/ Pseudoalteromonas species by r RNA-DNA hybridization (38), proved to be distant from the type strains of Pseudoalteromonas phenotypically. In contrast, the type strain of A. macleodii was phenotypically close to Pseudoalteromonas spp., especially Pseudoalteromonas haloplankt is subsp . te t raodon is. Because of the high phenotypic variability of Alteromonas-related bacteria, we consider the application of metabolic fingerprints is limited for species discrimination.
DNA relatedness
The levels of DNA relatedness of strains isolated from mussels and some type species of Pseudoalteromonas are presented in Table 3 . The level of DNA homology of three of the strains was 70-100 YO. The fourth isolate was genetically less related to the others (67% DNA relatedness) and phenotypically was more distant from other members of this group; however, all four strains were assigned to a single species genotypically (39) . Their genetic similarity with the type strain of P.
atlantica was 40-45 YO, with P. elyakovii was 53 YO, with marine Pseudoalteromonas nigrifaciens from mussels was 32-48 YO, with other Pseudoalteromonas type strains was 8-36% and with A . macleodii was 14-1 6 %. Since the DNA relatedness value between P. fuliginea and P. distincta was 41 YO (30), the latter species represents a distinct taxon. In contrast, the levels of DNA-DNA homology among the type strain Pseudoalteromonas citrea, P. fuliginea and the four strains from mussels were 85-95%. These results strongly suggest that the bacteria inside this phenotypically diverse group are closely related genetically ; therefore the recently described species P. fuliginea
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Description of P. citrea strains
Our present data provide evidence that the strains studied belong to P. citrea, although we cannot yet find an explanation for their essential phenotypic differences. Originally three strains of marine bacteria isolated from the surface of water (Mediterranean Sea) that produced a lemon-yellow, non-carotenoid pigment and a polyanionic antibiotic substance have been assigned to P. citrea (13) . The bacteria studied here, and referred to as P. fuliginea, were isolated from other natural econiches, namely molluscs, ascidians and sponges from the Sea of Japan and the Bering Sea, and were distinguished by their great phenotypic variability. The strains mentioned were able to synthesize a variety of pigments, had unique hydrolytic activity, and the ability to use an array of carbon substrates (Table 3 and 4). For example, the enzyme activities of strain KMM 188 were studied using a set of carbohydrates including some algal polysaccharides (5). Agarase, a-galactosidase, pustulanase and laminarinase, enzymes that hydrolyse the brown algal 1,6-/3 and 1,3-p glucans, have been found. It is IP: 54.70.40.11
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Phenotypic diversity of Pseudoalteromonas citrea noteworthy that the activity of a-galactosidase was 20 times stronger than agarase. We assume that the effective hydrolysis of agar-agar by strain KMM 188 was due to the additive effect of agarase and agalactosidase probably produced at different growth phases (5). Compared to the type species P. citrea these organisms did not inhibit the growth of Gram-positive bacteria and fungi, but proved to have the antibiotic effect against enterobacteria and Pseudomonas (23). The fatty acid composition of a type strain and the bacteria associated with marine invertebrates was characteristic for the genus (Table 5) . However, it is of interest to note that a few minor fatty acids (1 3 : 0 and is0-14:O) were detected only for the type strain, and the amount of 14:0, 15: l(n-8) and iso-16:0 fatty acids was as much as two to three times more than that of the bacteria studied here, but the amount of palmitic acid (16:O) of the type strain was lower than that of other bacteria belonging to the same species. It is clear that the species P. citrea comprises a diverse group of bacteria isolated from various marine environments. We believe that the phenotypic variations are a reflection of different ecological niches. We propose the term 'ecosubspecies ' for the Far-Eastern strains of P. citrea.
Emended description of Pseudoalteromonas citrea Gauthier 1977
Pseudoalteromonas citrea (cit're.a. L. adj. citreus lemon-yellow). Cells are Gram-negative, strictly aerobic, motile with one polar flagellum, straight rods or rod-shaped, 0.5-0.8 x 1-0-1.5 pm in exponential growth phase. None of the strains produced endospores or capsules. Produces cellular lemon-yellow, non-car0 tenoid, lightorange or melanin-like pigments depending on medium composition and culture conditions. Sodium ions are essential for growth; the optimum growth occurs with concentrations of 0.5-0-6 M Na+. Amino acids are not required for growth. Temperature range for growth is 4-40 "C. Most rapid growth occurs at 28 "C. The optimum pH values are from 6.0 to 12. Chemoorganotrophs ; metabolism is strictly respiratory. Positive for hydrolysis of starch, Tween 80, casein and gelatin ; some strains hydrolyse levan, alginate, agar-agar, pustulan and laminarin. Chitin and aesculin are not hydrolysed. Positive for oxidase, some strains for catalase. Negative for nitrate reduction, denitrification and luminescence. Glucose, ribose, rhamnose, mannose, fructose, propionate, butyrate, caproate, ethanol, p-hydroxybenzoate, phenylacetic acid, L-arginine and L-tyrosine are utilized as sole sources of carbon and energy. The following compounds are not utilized : arabinose, maltose, sucrose, a-glutarate, 2-oxoglutarate, glycerol, citrate, caprylic acid, pelargonic acid and L-histidine. The strains are sensitive to rifampicin, ampicillin, gentamicin, oxacillin, polymyxin, erythromycin and ofloxacin. The main fatty acids of the cells are palmitoleic, palmitic and cis-vaccenic acids. Some strains produce polyanionic, autotoxic antibiotics on complex media. The DNA G + C content is 38-9-44-7 mol%. Strains have been isolated from the surface sea water of the Mediterranean Sea and from mussels, ascidians and sponges collected from the Sea of Japan and the Bering Sea. The type strain is ATCC 29719.
